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DETAILED ACTION 

Specification 

1 . The disclosure is objected to because of the following informalities: paragraph 6 
of the amendment to the specification contains a number with the label "abs." 
Additionally, paragraph 8 also contains a pressure labeled the same. 

Appropriate correction is required. 

Drawings 

2. The drawings are objected to because preheating furnace 305 discussed in the 
specification is not labeled in Figure 4. Figure 3 contains a preheating furnace already 
labeled 203. Corrected drawing sheets in compliance with 37 CFR 1 .121(d) are 
required in reply to the Office action to avoid abandonment of the application. Any 
amended replacement drawing sheet should include all of the figures appearing on the 
immediate prior version of the sheet, even if only one figure is being amended. The 
figure or figure number of an amended drawing should not be labeled as "amended." If 
a drawing figure is to be canceled, the appropriate figure must be removed from the 
replacement sheet, and where necessary, the remaining figures must be renumbered 
and appropriate changes made to the brief description of the several views of the 
drawings for consistency. Additional replacement sheets may be necessary to show the 
renumbering of the remaining figures. Each drawing sheet submitted after the filing date 
of an application must be labeled in the top margin as either "Replacement Sheet" or 
"New Sheet" pursuant to 37 CFR 1 .121(d). If the changes are not accepted by the 
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examiner, the applicant will be notified and informed of any required corrective action in 
the next Office action. The objection to the drawings will not be held in abeyance. 

Claim Objections 

1 . Claim 57 objected to because of the following informalities: spelling error. In 
Claim 57, line 6 the word "econd" is misspelled. 

2. Claim 49 objected to because of the following informalities: applicant has claimed 
the temperature range 1 100° C to 300° C in lines 6-7, which may not be the range that 
applicant intended to claim. 

Claim Rejections - 35 USC §112 

3. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

4. Claim 27 rejected under 35 U.S.C. 112, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

5. The claim recites the limitation "various streams" in (c). There is insufficient 
antecedent basis for this limitation in the claim. 

Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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7. Claims 27-40, 42-47 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Nataraj (US 6,048,472). Nataraj '472 teaches a two-step method of producing 
synthesis gas where a hydrocarbon mixture is first pre-reformed and then reformed in a 
catalytic ceramic membrane after the first product is combined with an oxygen- 
containing gas. The synthesis gas produced comprises at least hydrogen, carbon 
containing compounds, water, and an oxygen-depleted mixture. The present claims 
disclose the heating of an oxidizing mixture to a temperature between 871° to 1300° C 
prior to reforming. Nataraj does not teach this temperature range. However, Nataraj 
discloses heating oxygen-containing gases by direct combustion with a fuel gas (col. 7, 
lines 45-48). The A c H7kJ mol" 1 of methane is 891° C of methane. This temperature falls 
in the range of the claims. It would have been obvious to one of ordinary skill in the art 
at the time of the invention that combustion of a hydrocarbon gas in the presence of 
oxygen would heat the oxidizing gas to a temperature within the claimed range because 
a greater number of hydrocarbon bonds in a fuel gas will increase the temperature at 
which combustion occurs. 

8. Regarding Claim 28, the Nataraj teaches specific temperature 1000° C, overlaps 
with the range of hydrocarbon combustion. 

9. Regarding Claim 29, Nataraj teaches in column 12, line 54 that the heated 
oxidant is at a temperature preferably within 200° F (1 1 1 °C) of the partially reformed 
gas. 

1 0. Regarding Claim 30, Nataraj teaches (col. 1 1 , line 3) that desulphurization of a 
hydrocarbon mixture prior to reformation is well known in the steam reformation art. 
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1 1 . Regarding Claims 31 and 33, Nataraj teaches desulfurization of a reactant gas at 
260° C to 427° C (col. 10, line 65) which overlaps with the instant range. In re Malagari, 
182 USPQ 549 (1974), found that a claimed invention is prima facie obvious over prior 
art if the applicant's claimed range touches a preferred range and the applicant has not 
rebutted the prima facie finding with a showing of unexpected properties in the range or 
a teaching away of the claimed range. 

12. Regarding Claim 32, Nataraj teaches (col. 10, line 65) the hydrogenation of a 
reactant gas prior to the desulfurization step. Column 1 1 , lines 2-5 states that a 
hydrogenation step is well known in the steam reforming art. 

1 3. Regarding Claims 34 and 36, Nataraj teaches (col. 1 1 , line 32) that pre- 
formation can occur in a catalytic reactor at a temperature between 372° C to 550° C. 
This range completely encompasses the applicant's claim. 

14. Regarding Claim 35, Nataraj teaches (col. 7, line 3) the use of an adiabatic 
reactor in a pre-reformation step. 

15. Regarding Claims 37-38, Nataraj teaches in column 15, lines 37-67 that the 
oxygen-depleted nonpermeate is at a temperature at or slightly below that of the raw 
synthesis gas product. The temperature of the oxygen-depleted gas can be within 5° to 
100° C of the synthesis gas. Nataraj also teaches (col. 14, line 50) that the reactant gas 
- the oxygen-containing gas — is preferably heated to the preferred temperature range of 
816°, which is the same temperature as the raw synthesis gas when it is withdrawn from 
the outlet of the membrane reactor (col. 15, line 49). The claim states that the 
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temperature difference is at least 75° C, which is encompassed in the disclosed range 
in Nataraj. 

16. Regarding Claims 39 and 40, Nataraj teaches (col. 12, line 8) that the 
temperature range of the intermediate gas is 594° C to 760° C. In re Malagari, 182 
USPQ 549 (1974), found that a claimed invention is prima facie obvious over prior art if 
the applicant's claimed range touches a preferred range and the applicant has not 
rebutted the prima facie finding with a showing of unexpected properties in the range or 
a teaching away of the claimed range. 

17. Regarding Claim 42, Nataraj teaches (col. 16, line 59) that raw synthesis gas can 
be cooled and carbon dioxide can be removed from the synthesis gas. 

18. Regarding Claims 43 and 44, Nataraj teaches a purification or treatment of the 
synthesis gas (col. 17, lines 12-18). 

19. Regarding Claim 45, Nataraj teaches (col. 18, lines 55-60) the use of treated 
oxygen containing gas and the use of this gas in direct combustion (col. 19, line 36). 
Nataraj discloses the use of air as an oxygenated gas. Air is typically 15-21% by volume 
0 2 . It would be obvious to one of ordinary skill in the art to increase the percentage 
molarity of oxygen in the oxygenated gas mixture the reaction for the combustion of 
methane requires 2 moles of oxygen for every 1 mol of methane. Therefore, a greater 
volume of oxygen will make the reformation step more effective. 

20. Regarding Claim 46-47, Nataraj teaches (col. 6, lines 47-57) the preheating of 
oxygen by heat exchange with the oxygen-depleted nonpermeate gas and a reformer. 
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Nataraj also teaches direct combustion of a heating gas with an oxygenated gas in a 
combustion chamber. 

21 . Claim 41 is rejected under 35 U.S.C. 103(a) as being unpatentable over Nataraj 
in view of Prasad (US 6,695,984). Nataraj states in column 15, line 57 that the 
temperature of the oxygen-depleted non-permeate is either at or slightly below that of 
raw synthesis gas. However, Nataraj does not teach the claimed temperature range of 
800° C to 1 100° C. Prasad refers in line 8 of claim 12 to a synthesis gas stream at a 
temperature between 950° and 1 100° C. In re Malagari, 182 USPQ 549 (1974), found 
that a claimed invention is prima facie obvious over prior art if the applicant's claimed 
range touches a preferred range and the applicant has not rebutted the prima facie 
finding with a showing of unexpected properties in the range or a teaching away of the 
claimed range. It would have been obvious to one of ordinary skill in the art of synthesis 
gas production to combine these references as Nataraj teaches that the preferred 
temperature range is greater than 816° C (col. 1 8, lines 7 and 1 6). Further, Prasad 
teaches (col. 6, line 51) that temperatures of 1000° C to 1 100° C in a reactor facilitate a 
nearly complete conversion of methane. 

22. Claims 48-61 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nataraj (US 6,048,472) in view of Holm-Larsen (US 5,937,631). Nataraj teaches (col. 
14, lines 55-59) the use of an oxygenated gas that is partly a combustion gas. The gas 
is preferably at 10 psi gauge but can be anywhere between 1 to 900 psig (1 x 10 5 to 
62.05 x 10 5 Pa). Nataraj also teaches the temperature range of 594° C to 760° C. The 
applicant claims 2 x 10 5 Pa abs, which is between 14-15 psig. However, Nataraj does 
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not teach the use of a gas turbine in the production of oxygenated gas from a 
combustion gas. Holm-Larsen teaches (col. 2, lines 30-35) the use of a gas turbine that 
produces an oxygen containing gas that is passed to a combustion chamber. Holm- 
Larsen teaches in column 3, lines 37-40 that the use of a gas turbine in synthesis gas 
production creates considerable energy saving. It would have been obvious to one of 
ordinary skill in the art at the time of the invention to use a gas turbine synthesis gas in 
the process of Nataraj as it is taught by Holm-Larsen that the use of a gas turbine 
creates considerable energy savings. Therefore, Holm-Larsen teaches the addition of a 
gas turbine between the combustion chamber and the reactor. 

23. Regarding Claim 49, Holm-Larsen teaches the combination of the generation of 
synthesis gas and the production of electrical power through the application of a gas 
turbine. In column 2, line 65, Holm-Larsen teaches the application of a "sufficiently high 
temperature" that is typically 1300° C. Table 1 in Holm-Larsen also teaches the use of 
combustion gas at 1000° C, which falls within the claimed range of 300° C to 1 100° C. 
Additionally, Holm-Larsen teaches the use of a combustion gas at a pressure of 20 
kg/cm 2 gauge (20.6 x 10 5 Pa). The ranges taught by Holm-Larsen overlap with the 
instant claims and furthermore, it would have been obvious to one of ordinary skill in the 
art at the time of the invention to optimize and adjust the temperature and pressure to 
increase or decrease the reaction rate. 

24. Regarding Claim 50, Holm-Larsen teaches in claim 1 , line 1 5 the use of oxygen 
containing gas in the production of electrical power. 



Application/Control Number: 10/535,501 Page 9 

Art Unit: 4162 

25. Regarding Claim 51 , Holm-Larsen teaches the use of exhaust gas from a turbine 
for heating a reformer (col. 2, line 37). Nataraj teaches the use of an oxygen-depleted 
mixture in a preheating furnace. Holm-Larsen teaches in column 3, lines 37-40 that the 
use of a gas turbine in synthesis gas production creates considerable energy savings. 
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the 
invention to combine all the steps of a traditional synthesis gas production as in Nataraj 
with the use of a turbine in a post-combustion step for energy savings. 

26. Regarding Claim 52, Nataraj teaches (col. 14, lines 52-59) the use of total gas 
pressure on the reactant side in the range of 1 to 900 psig and total gas pressure on the 
oxidant side in the range of 1 to 900 psig. 

27. Regarding Claim 53, Holm-Larsen teaches in column 2, lines 29-48 the use of an 
oxygen-containing exhaust gas that came from combustion air that is then sent to a 
combustion chamber where it is use for burning additional fuel. 

28. Regarding claim 54, Holm-Larsen teaches in column 2, lines 38-41 the use of a 
combustion air that is sent to a gas turbine compressor before it is sent to the 
combustion chamber. 

29. Regarding claim 55, Nataraj teaches the use of an oxidizing mixture in the range 
of 1 to 900 psi gauge (1 .00 x 1 0 5 to 62.05 x 1 0 5 Pa). Table 1 in Holm-Larsen teaches the 
use of combustion gas at 1 000° C, which falls within the claimed range of 871 ° C to 

1 1 00° C. It would have been obvious for one of ordinary skill in the art to combine the 
temperature range in Holm-Larsen and the pressure disclosed in Nataraj because 
Holm-Larsen discloses in column 2, lines 65-67 that the use of a sufficiently high 
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temperature and high flow rate are necessary to supply heat for the endothermic 
reforming process. 

30. Regarding claim 56, Nataraj teaches (col. 14, lines 52-59) the use of total gas 
pressure on the reactant side in the range of 1 to 900 psig and total gas pressure on the 
oxidant side in the range of 1 to 900 psig. 

31 . Regarding claim 57, Holm-Larsen teaches (col. 3, lines 1 0) the use of a gas 
turbine air compressor and compression of air in one or more stages. In column 3, lines 
31-33, Holm Larsen discloses that the compression combustion air from the air 
compressor may be bypassed directly to the secondary combustion chamber. 

32. Regarding claim 58, Holm-Larsen teaches (col. 3, lines 10) the use of a gas 
turbine air compressor and compression of air in one or more stages. Nataraj teaches 
the use of an oxidizing mixture in the range of 1 to 900 psi gauge (1 .00 x 1 0 4 to 62.05 x 
1 0 5 ). Table 1 in Holm-Larsen teaches the use of combustion gas at 1 000° C, which falls 
within the claimed range of 871 ° C to 1 1 00° C. It would have been obvious for one of 
ordinary skill in the art to combine the temperature range in Holm-Larsen and the 
pressure disclosed in Nataraj because Holm-Larsen discloses in column 2, lines 65-67 
that the use of a sufficiently high temperature and high flow rate are necessary to supply 
heat for the endothermic reforming process. 

33. Regarding claim 59, Holm-Larsen teaches (col. 3, lines 1 0) the use of a gas 
turbine air compressor and compression of air in one or more stages. Holm-Larsen also 
teaches in claim 1, line 15 the use of oxygen containing gas in the production of 
electrical power. 
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34. Regarding claim 60, Holm-Larsen teaches (col. 3, lines 10) the use of a gas 
turbine air compressor and compression of air in one or more stages. Holm-Larsen 
teaches the use of exhaust gas from a turbine for heating a reformer (col. 2, line 37). 
Nataraj teaches the use of an oxygen-depleted mixture to in a preheating furnace. 
Holm-Larsen teaches in column 3, lines 37-40 that the use of synthesis gas production 
with a gas turbine creates considerable energy saving. Therefore, it would have been 
obvious to combine all the steps of a traditional synthesis gas production as in Nataraj 
with the use of a turbine in a post-combustion step to save energy. 

35. Regarding claim 61 , Nataraj teaches (col. 7, lines 57-62) the use of the oxygen- 
depleted nonpermeate gas as part of the oxygen-containing reformer oxidant gas. 
Nataraj also teaches the use of an oxidizing mixture in the range of 1 to 900 psi gauge 
(1 x 10 5 to 62.05 x 10 5 Pa). Holm-Larsen teaches the use of an oxygen stream at 15° C 
(59° F), which is substantially ambient temperature. Air is typically 15-21% by volume 
0 2 . It would have been obvious to one of ordinary skill in the art to increase the 
percentage molarity of oxygen in the oxygenated gas mixture the reaction for the 
combustion of methane requires 2 moles of oxygen for every 1 mol of methane. 
Therefore, more a greater volume of oxygen will make the reformation step more 
efficient. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to MELISSA STALDER whose telephone number is 
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(571)270-5832. The examiner can normally be reached on Monday-Friday, 8:00- 
5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jennifer McNeil can be reached on 571-272-1540. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

MS 

/Jennifer McNeil/ 

Supervisory Patent Examiner, Art Unit 4162 



